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ignored in nodeling the manuaX control of vehicles, but «oome inportent 
during flne-notor tescs. 

Pi'oprloceptive infonaatlon it ehowa feeding heck en intemei lauicle 
length change rather than the manipulator position directly (Haf, a); this 
hae Iniportant effects as will be seen shortly. Muscle spindles az^ the 
dominant elements in the net proprioceptive feedback. These feed back a 
dynamically varying internal oiuscle length due to their location within the 
active muscle. Golgi tendon organs (force seniors) are also present ^ their 
dynamics are quite alnilar to those for spindles (Ref. ^). Joint angle 
sensors are present, too, but appear to pli^ only a minor role in fins •motor 
t-*aks. 

Also ahovi. In Pig. 1 are two sources of remnant (noise) excitations 
’’cbser-'atlon and processing" noise, Srine, (Ref«. ^ and 6) and "motor remnant," 
'Jnrini 5 and *). The latter arises from muscle nonlluearitles and 

irregularities in motor neuron firing rate. 

The general form for the power spectral density of the manipulator 
position is given by: 

♦ni%i |Olcl**ll 

I.e., each rem.wt excites some closed*loop transfer function. Rote that a 
peak in could be due to either a lightly dasipf^d mode in the transfer 
functions or to a narrowband excitation procese In the remnants, or both 
effects together. Because of the Intrinsic nonllnearltles In the mascle 
springiness, damping and neural firing rates, which vary with tension, the 
dominant modes may be different when tracking (with both agonist and ante* 
gcnlst muscles tensed) than when holding a steady fores (with one or ths 
other muscle slackl. 

Tu provide an appropriate conceptual and dynamical franswork to Interpret 
data, a luinped parameter nodal has been derived which fits the essential neuro- 
muscular phenomena observed In fine-motor unsteadiness. This model, shown in 
Fig. reflects a re-lnterpretatlon of the data and refinement of the model 
of Ref. 7, with more detail in representing the limb and muscle inertias, 
tendon compliance and grip interface ecnpXlanca and daisplng. Xn addition, 
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we ha ^ added the "Activation Dynemies" which reflect the lag and attenuation 
In converting motomturen firing rate into generated nusele force. This Is 
the simplest model that can handle limiting eases such as Isometrle (fixed) 
and Isotonic (free) controls, held objects (lUcs flashlights, soldering 
irons, etc.), idille reflecting the separate "neurooMSouIar" and higher fre- 
qvMHcy "tremor" and 'Naanlpule^^or" modes observed in the literature (see the 
following subeectlon, "Data oti Unsteadiness ftdwer Spectral Demelty"). Detailed 
numerical analysis has not yet been carried out for this model, b*tt a brief 
series of "systsm surveys" using ths eystems analysis techniques of Rsf. 5 
has bttn made ^Ich shows that It yields modes and dynsmlc paremster trends 
which fit the large array of extant unsteadinesc and treewir epectra. 

Typical neuromuscular system modes for the neuromuscular "imtr" loop of 
ng. 1 are shown in the exaa^le root locus diagram of Pig. 5* Tho muscle 
spindle and force activation elements domlnete the net proprioceptive feedback 
path. The "Cloeed-Loep Reuromuieiilar" mode neer 20 rad/eec (A 3 He) has been 
shown (Ref. 7) to arise from the open-loop mueele force activation character- 
istic: measured in experiments. Ths closed-loop ?Cremor" and "fbeX" System 
nodes arise from the internal muscle^llmb feedbacks and elastic elements, 
coupled with the control stick and grip coaqplleoee properties. Xt can be 
shown (e.g«, Refs. 2 and 6) that the peXe-eero dipoles arloe from the eplndlet 
feeding back en internal muscle length rather than the manipulator position. 
This results In two sets of quadratic oeros near the imeglnaiy axis which 
attract closed-loop roots. The closed-loop Tres»r Mode arises from ths Limb 
Irvterfece dipole, which reflects the limb Inertial interacting with the Inter- 
face, Tendon, and Contractile elements of Fig. 8. The cloeed-loop Fhel System 
node arises from the feel eystem inertia, spring rate, and damping Intermoting 
with the Interface compliance. 

The key feature of the dynaodc eltuation depicted in Fig. 3 la that the 
natural freqiuency of the tremor mode at high-loop gain le heavily dependent 
on the limb Inertia, n|,, and an equivalent apring, ki, which la a echbiaatioo 
of tendon and interface (flesh) compUaiicea. Thus, the tremor mo"e frequency 
is relatively Inaenaltive to the feel eystem reatralnte. 

The frequency of the feel syetem mode depends primarily on the control 
stick inertia (my), spring rate (ky), end interface eonplianee (kj)* This 

P-1 36 




•sss< 





Tension (Nowtont) 


nfur« Eff^eti of Sot Fdret and Spring Stlffnaai on 
Foraonn PXoxor Tranor (Adaptad frot Bobaoni Raf . i ) > 



Plotting of tranor Maanrad aa valoclty vtraua fraquaney in 
cyelaa par aacond avaragad for tha aovosianta of tha tamlnal 
j^alaox of tha flngara of 26 nocnal oian. With tha unloadad 
flngara (fiUad olreXaa) and with 10 g (elrcXa) and 100 g 
(aquara) itriqppad to tha tamlnal phalanx. (Halllday and 
Radfaam, 1956, Raf. 12). 


Kigura 6* Effacta of X.oad Walght on Valoclty 
Pcwar Spactral Danaity 


592 




• $H0- 


toode may be beyond the frequency region of Interest for extreOMly mall 
inertia and stiff springs; while for large control inertias or weak springs, 
the feel system modes may be even lower than the tremor modes* Detailed 
analysis of these situations has yet to be done for this particular model 
and is beyond the scope of this brief survey. 

Data on unetaadlness Bsfvar d^aotral Density 

We will now r^-examine the earlier experimental data on which this model 
is based from the standpoint of unsteadiness and tremor. The data to be 
reviewed are easier to interpret having digested the neuromuscular model and 
dynamics In Figs. 2 and 3, 

An example of the error power spectral density for a pressure joystick is 
shown In rig. >♦ for a range of apfplled forces from Sutton and Sykes (Refs, 9 
and lOl. At larger forces the Neuromuscular and Tremor modes are quite 
Ustlnct. The feel system mode is not within the dat^a band since the feel 
system spring rate Is nearly infinite. The closed«loop tracking node is 
near 0.3 Hz (although it is not clearly defined for each curve in Pig. 4). 
Sutton and Sykes found, for fovir subjects, that the rms error increased 
Iinecu*ly with the conmanded (set) force. In addition, they found that as 
the set force Increased the tremor frequency Increased slightly but soon 
reached a limit of atxr't 8,5 Hz. 

Robson (Ref. 11 ) found the same trend in the tremor siode frequency with 
tension, and he took data for a range of stiff spring rates. In Fig. 5 
^oreann flexor tremor frequency is plotted as a function of the pressure 
force at the wrist, fhls force was exerted against a spring (attached to 
the wrist) which was oriented parallel to the upper am. For each spring, 
increasing the force causes a slight increase in tremor frequency except at 
the higher tensions where the data level off. However, an increase in spring 
stiffness produces an Incremental increase In tremor frequency which is essen- 
tially independent of the set force. 

To emphasize tremor frequencies (5-1^ Hs), Halliday and Rsdfeam (Ref. 18) 
used a lightweight accelerometer mounted on an outstretched (tensed) finger 
subject to various pressure forces while the hand was on a rest. Figure 6 
gives their averaged finger tremor data idiieh show that increasing the load 
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weifllht on the extended finger leads to nore tremor at all frequeneles and 
that ths smplitude of the tremor mode near 9 Kz increases more than the 
surrounding spsetra. This implies that a small finger-mounted aceelercsMiter 
would not attenuate the tremor motions. Figure 7 shows spectra for, and 
cross-spectra between, the rl^t- and left-hand Index finger velocity for 
three subjects. The peaks are in the range of 7-11 He. Also shown is the 
coherence between right- and left-hand unsteadinass, which is very small, 
indicating that it is the uncorrelated motor noise in each separate limb 
rather than a cosnon (central) excitation eouree which drives the tremor 
mode. These data indicate that the tremor mode is not just a closed-loop 
neuromuscular sycism response to an EBQ driving signal, even though the 
EBD*fl alpha rhythm has the same frequency range. 

Data Indicating that the feel system mode can be driven to frequencies 
lower than the tremor mode can « found in Oydlkov (Rtf. 13^ where the task 
was to track a ramp Input (pursui dlspley). The subject gripped, a handle 
in his fist and used wrist rotation about ths forearm axis to generate his 
response. Four different load Inertias were used, and grip tension was 
sensed. The dependence of dominant noda frequency on inertia and grip tension 
is given in Fig* 6. For each inertia there is an increase in frequency as 
tension increases, whereas for constant tension an increase in inertia causes 
a decrease in frequency. The low frequencies with the large inertia cases 
indicate that the feel system mods (Fig. ?) has been driven down and is 
interacting with muscle activation and closed (outer) loop visual-motor 
dynamics. 

Additional results in Hef. 15 indicate that the dynamic modes of one 
hand are independent of the other, apeclfleally, if one hand is controUlng 
a large inertia without pressure, then its dominant frequency can be mutch 
less than that of the other hand if it is controlling a small insrtia with 
great pressure. This verifies that the Reuromuscular and the Fbel System 
modes lan be strongly dependent on the load and, fVarthor, that <teh limb's 
neuromuscular system has signal drives independent of the other. 

The earlier work of Zdppold, et al« (Ref. i4) interpreted the extant 
data at that time as indicating that tremor was net a response to alpha 
rhythm. In addition, Llppold, et al., found that fatigue Increased and 
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cooling iecreaaed the tranor frequency; further evidence that the peripheral 
neur :*nuseular system determines the tremor znode frequency rather than its 
being present In a central drive signal. An excellent example of tremor 
while tracking ( Involving fine control of position) Is provided by sene 
of our unpublished data taken during experiments reported In Bcf. ij* 

This was a multiloop task in which the pilot's feet were controlling rudder 
pedals and his hand was controlling a stiff spring- restrained side stick. 

Jne of the subjects used a hleh tenslcn technique, l.e., tensed both leg- 
against the pedals and performed the rudder task with differential force 
changes, limultaneously, his hand tracking displayed an intermittent 
tremnr ?f B Hz, which was largest at the extreme stick excursions (which 
requires the largest tensions). 


?.'56 
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Factora Affiotlag Tmot 


In nonaal subjects tremor is most often seen when only one muscle is 
being tensed. That is, for the experiments end data reviewed earlier, 
in all eases the pi: t or subject was producing a force against a restraint 
(spring or Inertia) such that only an agonist muscle was strongly active. 
Tremor while tracking has always occurred at tha extremes of manipulator 
fflovsm«t, i.e., where the pilot is pushing with ouch force against the 
stick such that only one muscle is being strongly activated, again giving 
the conditions as above. Tremor while cracking shows an intermittent 
nature; being easily perceivable only when the pilot is bardover one way 
or the other. This is readily evident from the time traces. Power spectral 
analysis of such a run would show acme power at the high frequency t eglons 
where treou>r has been observed, but it wculd tend to be smeared out due 
to the intermittent nature of the tremor onset and waning. Thus tremor 
properties are best measured for cases where the pilot holds a constant 
force or losd wel^t. 

Harsden (Ref. 15), in finger tremor studiee, found that the relative 
sise of the tremor peak was correlated with the total rms unsteadiness 
velocity for both right and left hands. (See Pig. 9.) Here the total 
ms velocity was evaluated frem the total power between 1 and 20 Hz (Pig. 7 
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Ig. 9. Halation between the relative alee of tbs peak (ordinate) 

and total RftB velocity (abscissa) obtained from C.M. 's right 
(•) and left (A) hands, and that obtained from J.M. 's rlg^ 
(a) and left (A) hands* Relative peak size increases as 
tremor increased (r ■ -K).33# P < 0.01). (Piom Harsden, Ref. 
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indicates that this region contains essentially sXI the po^r). The relative 
peak la defined as the ratio of the power in a 0.5 Hz h and about the peak 
frequen«-y to the total power. In Fig. 9 note that the treaior peak contains 
an increasing share of the total power as the ms level increases; this is 
consistent with the data In Figs, t a 1 7, 

The Influence of external factors on tremor per se has been susssarlzed 
by Karsden (Ref. 15) as follows (underlines ours): 

**The fluctuations in trenor observed in two trained 
subjects during periods ranging from minutes to months 
were not great, and the shape of the tremor spectnao was 
very similar at different tlstes, ttetny fhctors are known 
to contribute to fluctuations in tremor amplitude, 
including: agclety (Graham. Ref. t6; Redfeam, Ref. 12), 

ft«lg.9A9«Ufla (Carrie, Ref, 17), thyrot^lcoa /^y (LippcOd, 
et al.. Ref. i0j Marsden. et al.. Ref. 19), and fatiaua 
(Ragles, et al.. Ref. 20). Some of the fluctuation of 
tremor amplitude that occurs in the normal subject may 
be due to variations in catecholamine secretion, for 
adrenaline infusion has also been found to increase 
tremor considerably (Marsden, et al.. Ref. 2l). In 
addition, the amplitude of tremor Is dependent upon the 
foj2S exerted (Sutton and Sykes, Ref. 9) and. In certain 
tasks, upon yisnal feedback (e.g.. Sutton and Sykes, 

Ref. 10); Merton, et al.. Ref. 22). AU these factors 
Bu.it be taken into account when planning experiments on 
physiological tremor and when evaluating the results,*’ 

In a series of approach and landings with a Boeing 707, Htchclaon, et al. 

(Ref. 21} found significant increases in finger tremor (at 10 Hz) in 
stressful” situations (”an unresolved problem persisting or a fresh problem 
of seme magnitude”) as evidenced by subjective reports and elevated he€«*t 
rates (above 150 beats per minute). The finger tremor was mesisured by a 
lightwclgnt accelerometer (less than T gram) on an outstretched index finger. 
Fig. 10 shows both pro- takeoff and ijnsediately post- landing trmaor spectrum 
for four of the most stressful cases. In whi<* the dramatic ircrease in 
the 10 Hz peak is readily apparent. 

Concluding this section on tremor mode properties, the following con- 
clusions are emi^aslzed: 

The tremor mode is a distinct limb-muscle resonance 
phenomena, compeured to the more highly coupled visual, 
neurcmuscular and feel system mod 3 a. As such, it Is 
not strongly correlated with the other visual-motor 
modes. 
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Figure 10, The Frequency Spectra of Finger Tremor for Takeoff 
(Controls) and for StressfVd Iisndlngs in Four Letdowns in 
Mhich the Mean Heart Rate Exceeded Beats/Min and 
Was Associated With a Bsok Acceleration Aroiand the 
10 Hz Frequency Exceeding 1,0 msec*® Hz"’ 

(From Wlcholson, et aX., 1970, Hef, 2^) 


2. Its frequency is not very sensitive to Xiab load and 
it primarily reflects neuronusoular system feedback 
lags and tendon compliance. 

3. The tremor mode power spectral density is narrowband 
and its as^litude increases with applied force, os 
well as various external or internal opezator stresses. 

k, TroBor is most pronofuneed when only cne muscle of an 
agonlst/antagonlst pair is tensed, 

3. Tremor mode motions are clearly revealed by measuring 
the limb acceleratian (rather than position) in the 
frequency range from 8*13 Hz. 
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FMstort AtfMtiiis Low VroquBney UaotMdlnei 


While the tremor mode la a dlatlnct and laolatable mode, the low fteq;uency 
ccmtrol motion apectra have OMltiple peaks (e.g., cloeed-loorp tracking and 
netironusoiilar (nodea ) which are very eenaltive to the manipulator reatralBt 
aa ahown hy the Qydlkov data of Fig, 6 as well ao control stick type. 

The pressure- stick dlsplaccaent spectrum in Fig. U shove the closed loop 
tracking mode and the muscle/manipulator mode while these modes are not 
obvlcjus in the unrestrained finger acceleration spectra (Pig. 7)» In 
tracking tasks the controlled element has a strong effect on the pilot's 
equalization (Ref. 5 } and thereby the frequency and danping of the closed 
loop tracking mode which results. Furthermore, the forcing f>mctloa band- 
^dth, if large, may cause crossover regression thereby lowering the closed 
Icop tracking node frequency. Thus, the power spectral density of unsteadi* 
aess raotlor? is multipeaked, and there is no single pair of frequency- 
wplitude parameters which can meaningfully describe the signal properties 
imless bandpass filtering is performed first. ^ information is desired 
*hout all the possible nodes of unsteadinj»sa, the best solution is to 
t easure the coiglete power-8pectr-»l-denslty and carefully analyze it. 

{.ovever, a simpler metric of low frequency unsteadiness is the overall rma 
position excursions, because for force regulation (Fig. k), the low frequency 
Et-des dostinate the displacemAt PSD, In addition tibls metric Is directly 
relevant to fine motor task performance, since this Is a direct maasure 
c the average closed loop unsteadiness magnitude. 

An exBspl«* of uhis metric is given by Narsden (Ref. i). Re investigated 
the correlation between the treowr peak size with l<mr frequency unsteadiness 
and total rma control veloci^ (Figs* Ha and 11b). The data (in the range 
i.p Hz) has a small and negative correlation with the tremor mode peak. 

Tils indicates that the low frequency modes may have different trends ffoo 
tiose of the tremor mode. The positive correlation for the total. Pig. 11b, 
i3 consistent with i'lg. 9* 

Thus, fine-motor task unsteadiness can he as* eased separately from the 
trenor mode by filtering out the high frequency portion of the sl^ial end 
Bea^’urlng the rms position excursions In the non- tracking case. 
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a) Low ‘'requency Unsteadiness b) Total BM3 Uhsteadiness 

Figure 11. Correlation of Tremor Beak Blze with 
Frequency and Wideband RNB Ifosteadiness 
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A slB^le analog eooqputsr simnlatlon was eondoeted in order to test 
various unstaadlness measurement concepts suggested in Sections A and B 
and to validate the trasor and unsteadiness testa recomneoded therein* 

A functional block diagram of the siaulation Is shown in Fig. 12. The 
subjects were required to rest their elbows on an am rest and, puUing 
with the ball of their first finger, null out a conmand force using a nearly 
Isometric (very stiff) control stick (MB! Model *»55)* The difference 
signal Ce repre s ents the control unsteadiness* Force error feedback to 
the subject was provided by a 5*iueh Dumont 30*»A OeelUoecope* The die* 
played error was smoothed by a first order filter with a i .0 e-cood time 
c nstant, to eliminate perception of the hlj^^ frequency unsteadiness and 
to assure a tli^t loop closure to remove acy residual force drift. 
dc displey/coiitrol gain was 2.5 «» o® CBT/Wewtoo co stick. 

The low-frequency conponents of fine motor unsteadiness (vlsual/motor 
modes) were measured by the rectified end averaged control error signal, 
]eel, aa shown in Fig. 12. 
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The tremor mode signMe vere obtmiacd by proces^tn^ the cocitrol erroi* 
signal ( Ce '• The rate and act eleration of ce mere obtained with a peeudo* 
iifferentiation circuit. The acceleration sl^iaT was additionally saootlied 
vlth a second order filt<ar similar to the pseudo- differ entiation cirei'it* 

The bre€Uc frequency of both circuits was set at lOO rad/sec ( Hz) with 
a tiaiq>ing ratio of 0 . 7 . These "etting^ give a eaplitude attetmation 
at l€ Hz with linear phase shift up to the break frequoicy- The phase 
shift characteristics cause minimal phase dlstorticn in the sisnals 
to the oreak freq[u»cy, and the a. jials ^gtear as though ^i«y are merely 
time delayed by about 0.0l4 sec for Ce and 0.026 see for the filtered Ce 
signal. ’’Average tremor magnitv^e” was obtained by rectifying esid smoothing 
the Ce signal, as shewn 

Ten subjects (including two females) were asked to hold command forces 
of 5, 10, 15 and 20 newtons (l.l2, 2.2“ 3.56 and k.Up lb respectively' 
with their ri^t forefinger. Data were recorded with a Brush Nk 200 strip 
chart recorder ( 100 Hz bandwidth). 

Bata 

Tremor Frequency . A typical recording Is shown la Fig. 13 • The 
tr.^iior frequerty in the smoothed acceleratlcn signal is clear at all four 
force levels. However, the 1 ^ and 20 newton cases i^pear most suitable 
for eeas'irlng tremor frequency with a zero crossing detector. 

The velocity trace shows evidence of the closed loop neuromuscttlar 
node as well as the treoor mode. Closer Inspection of the 10 newton trace 
reveals a 2 to 5 Hz ft‘equen<gr combined with the 13 Hz tremor mode, and 
past describing function measttrements hare shown the neimxmscular mode 
to fall intc this frequency range (Ref. 1 and Pig. 3 herein). 

It is apparent that the smoothed aecelmtlon signal gives a good 
measure of the tremor mode frequency end asgiUtude. These data are shown 
on Fig. li«. The tremor frequency Is remarkably constant while the tremor 
^piltu:*e increases by an ordfjr of magnitude. The s«an frequesicy over 1*0 
trials (k forces x 10 Ss) was 11 .C Hz (75 rad/sec) with a standard derriatic 
of 0.9 Hz. The lowest ft'equencr measured was 9*5 Hz and the highest was 
13 Hz. Measurements with the left band of two subjects gave frequencies 
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in the scBse range, bat sli^ * different than their ri^ head, time It 
is s^parent tdiat the tremor mode ooegrs within a very rastrieted ftoqiiwhfy 
regicB In most smbjeota over a significant range of applied feveea* The 
low end of this frequency range for iscmetrle^etiek palling also matches tise 
finger-free data shown in tbs preceding seetieo, *lhdu»e of Iteteedimass.* 

Additional tremor frequency neastarsmentB were made to cheek the tremor 
wide of other limbs. These were: 

• Free lumid tremor measared by pointing a mlniatura 
flashlight at a photocell, 

• Biceps t re mo r measured by pulling with the arm on 
a spring restrained bar, 

• Leg muacle (qoadraeeps) tremor measared by pushing 
with the foot on a spring restrained pedal. 

Frequencies measured in the above manner were within the forefinger tremor 
frequency range reported above. Also, left hand/ri^t hand trsmor was oos^ 
pcurable for two subjects tested. Thus the tremor mode frequency of a normal 
human neuromuscular systea seems to be a very ftmeamsntal physlologloal 
property. Prom the model and dynaiBlcs of Figs. 2 and this im^es 
that the ratio of limb inertia to tendon cGaqd.iaaee and 'he neurcmpacwlar 
loop lags are about the same for all of these cases, or that ether lisdt- 
cycling phenomena are Involved. 

Trsacr jhignltnde . A time trace of the 1 -second running average 
tremor magnitude signal for a typical ran is given in the bottom of Fig* 13 . 
TroKir mode wngnihide Is a direct function of the average applied force, 

Cbs shown* It was also fomd to vary significantly from subject to subject. 
Average tremor magnitudes for eedi subject and force level were read off 
the si^p <±ert reewdings and are erosa platted in Fig. Ik. These data 
suggest an eaponential relatiaii^ip between tremor intensity end applied 
force, with the hi^pi forces prodneiag nn^ higher tremor ma§mit«ide, e*g., 

09 a Of^ where Oj, op^ » total and residual tremor (ms) magUtades; 

P a foroe, r is fitting canstaata* It seme that as the average mu»e1e 
force Is Increased the tremor mode damping ratio drops and/or the motor 
renmant forcing function Inoreafles (a la V^>er Lam), idiile its 
remains rougoly constant. (This is consistent with Pig. 3») 
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Utt<teadln»aa -Magnltudg . A pr«Ilialnary t«st vftt cooditetad to dot«r* 
■ine t h< cba rncterlatlca of tba lov-f^aquency control forco uottoadlnoss 
aignaX |ce|» Thla meaaure of anatoadlDoaa oMienitude loans to oovaary 8ono» 
vbat with tremor magnitude and to vaz7 directly with tppllad forea* Lav 
frequency variationa also apparent. Additional raaearOb will be raqui^ad 
to further quantify the characteristics of this neasuriBent. 


Btaodardisad l^raDor Maaaures 


Baaed on the sueceia and ease of mechanizing these naaaiffei, we reooanend 
the folXoving standard test battery for unsteadiness properties: 

• Mechanize the functional circuits shown in Fig. 18 
for conputing the force error and Its derivatives, 

(ooitting derived control velocity). The tremor 
bandpass filter for cosiputer should have K • 0.7 
for ffllnlmal phase dlstorticn and u)n * ^*80 rad/sec 
to peak near typical tremor frequencies of 9-iJ Hz. 

("Standard" ujjj ■ 65 r/s * 10 Hz.) 

• Subject presses on the pressure-stick with whatever 
limb is being investigated, with the limb root 
grounded (e.g., pull with forefinger^ elbow braced). 

Consoand forces should be in the range of Newtons 
(1.^ lb) with 1^ Newtons (3*^ lb) as a "standard" 
value for finger pulling. 

• Bach trial should have a 10 second stabilization 
period, then 10-aeeood measuresMnt interval. (These 
periods are a good eopiprcsdse, balancing measiuresMnt 
preclslom against muscle fatigue. ) 

• The test osasureoMints are, in or der of interest: 

"Av^rMBi Treamof Amnliti^ " [cj^ (idiicb is approscl* 
mately 1.26 ^ f or a Q auesi an signal); **Awg0|i 

the positive-going axis crossing of the signal). 

• To make such measures of universal value, the values 
of cq and should be given in testts of force or 
force acceleration (N, N/sec^), respectively. 
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ocMuam s9Miy» 

This piper IMM suBinrlsed somt rse«t work in dsnrelopiiig a q wii lin e ar 
BHsdel and msasursments characterizing the aeuronuseular control of a preeleely 
manipolated dsvlee sueb as a: soldering iron, bandg^, or various types 

of maimal control sticks, wheels or pedals* The nodal given hare is basad 
on tba dOBlnant physiologloal eemponants and phanomcaa Involvtd, and it can 
oovar all tbass easas. Zn addition, it claarly ravaa?s tha varlM modas 
of flna-notor unstaadinass, Incl u d in g tba Naurcaiiscular moda at i«5 B« 
and tha tramor mods naar 10 Bs* Tba data raviaw lad raaianinatien, upon 
wblob it is based shears good q^alltatlva agraanant with nMy pb an en ana 
dbssrvad by aarliar txparinsntars, at wiU aa cur own worx. 

Nevartbelass, wa faal a llttla unaagy about tba "causa" of tba vary 
stabla^fraquaney trmor moda* Our briaf axparinant sbewad a taafold looraasa 
in tranor aaplituda for a fourfold Inoraasa in flngar pulUforca, wbila 
tba traaer fraquancy rmaalnad within zi tb of 11 Nk, all coosistant with 
tba modal of Figs* 1*3* Navarthalass, tbara ara ethar maobanlsms, sueb 
as tbrashold**pltts*dalagr»oatasad Halt oyelas wblob ba iavolvad. 
Furtbarnora, wa b«va not oeosidarad any of tba traMr«fyuptomtia disaasaa 
such as Parkinson's Oisaase, nor bava wa saparatad tba notcr» r a nn a nt from 
tbs systsm dynMilei. Claarly, mart invistlgatlon is warraatad, using tbU 
modal as a guide to tha appropriata naas u raa and taste* 

Tba prq^ad "standard" Uos aadinass Tact Battary is r i ormpan i Urt for 
clinical iwastigations of tbs affects on flna-acter unstaadinass of: 
varieaa atraaacyi such as work fatigua, lack of slaap, drugs, bl^adraaalia 
sltuationo, and fMrrila Ulaass; on dtffsawt liibii for ymimm apaa; 
and with dlffarsnt manipoXatad dsvioas* Tba authors would Ilka to baar 
about any applicationi of tbasa tasts or fMdifioations to tba modal* 
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